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ROSEWATER
MONTANA’S PREMIER WATER SKI COMMUNITY
OPERATION & MAINTENANCE MANUAL

1.0 GENERAL INFORMATION

Rosewater is Montana’s premier water ski community situated just north of Kalispell, MT
with unobstructed views of the Whitefish Mountain Resort, Glacier Park and the Swan
Range. The center-piece of Rosewater is a water ski lake constructed solely for the use
of Rosewater residents and their guests. The lakes offer residents the unequalled
opportunity to ski, wake board, tube, barefoot and trick ski on their own private water-
use facility.

To keep Rosewater a premier water ski community, it will be imperative the lakes, and
all related appurtenances, be properly operated and maintained. The developers have
expended considerable effort and resources in making the lakes a showpiece amenity
and considerable effort and resources will also be necessary to keep it that way. This
Operation and Maintenance (O&M) Manual is intended to provide the homeowners and
operating and maintenance personnel with specific information on lake construction,
watercraft requirements, maintaining water levels, monitoring wells, leak detection and
vegetation control necessary to enhance and maintain water quality.

The Rosewater Homeowner's Association will be responsible for operation and
maintenance of the water ski lakes, and all other Rosewater amenities, and all
homeowners (lot owners) in Rosewater will be members of that association.

1.1 Lake Description & Details

The lakes were designed to meet or exceed all requirements for length, width,
depth and lake bottom grading. Figure 1 shows a plan view of the Rosewater
community and centerpiece lakes and Figure 2 shows elevation section views of
the lakes and a typical lot. The lake is actually two lakes in one, joined only at the
west end, providing two separate water ski courses. Although essentially just one
lake with two separate water ski courses, for descriptive purposes, they will be
referred to collectively as the “lakes” or individually as the North and South Lakes
throughout this O&M Manual.

There is a 20-ft. easement area surrounding the lakes for the purpose of providing
access for maintenance, and homeowners shall be aware that this easement area
cannot be obstructed by any buildings, fences or landscaping, other than lawns.

Each lake is 2,300 ft. in length and 220 ft. wide with slightly widened bulb-like
ends to facilitate turn islands. The lakes are basically mirror images of one
another. As shown in Figure 2, the lake depths are generally 5 to 8 ft. with the
deeper 8 ft. sections along the centers of each lake. To mitigate wave action and
wave return, the lakes are graded at a 12 ft. horizontal to 1 ft. vertical slope
(12H:1V) for a distance of 12 ft. — 2 ft. above the water's edge and 10 ft. below or
into the lakes. The lakes are then graded at a 6H:1V slope for 6 ft. and then at
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3H:1V for 9 ft. At this point, 27 ft. from the water's edge, the water depth is 5 ft.
The lake bottom then slopes at a gentle grade of about 6% to a depth of 8 ft. at
the center. The total water volume in the lake(s) is approximately 50 million
gallons or 153 acre-ft. The total water surface area is about 27 acres.

Construction of the lakes consisted of stripping approximately 15 inches of topsoil
from the entire lake area and the surrounding residential lots and common areas.
This topsoil was stockpiled and later used as cover material throughout the
Rosewater property. The lake area was then excavated to establish the design
grades and elevations as mentioned above. This excavated material was spread
out, graded and compacted over the surrounding residential lots and commons
areas to create building sites a minimum of 4 ft. higher than the high water
elevation of the lakes (See Figure 2). The center strip that separates the North
and South Lakes is 50 ft. in width and is constructed 2 ft. higher than the high
water level of the lakes.

A 30 mil PVC liner was installed over the smooth and uniformly graded and
compacted surface, and the liner was then covered with 18" of excavated sandy
silt to silty sand native material. It should be noted that native soils throughout the
Rosewater property are ideal for installation of the PVC liner, both for the prepared
surface on which the liner is installed and for the material used to cover the liner.
The native soils consist of a sandy silt or silty sand with no, even small gravel-
sized, coarse fragments. A synthetic geotextile fabric is sometimes used beneath
and/or above PVC liners to protect the liners from tears or punctures in
installations with rocky soil characteristics; however, because of the fine grained
rock-free soil throughout Rosewater, a synthetic geotextile fabric was not required
or recommended for the PVC liner installation at Rosewater.

1.2 PVC Liner Details

As shown in Figure 2, and as described above, the lakes will be lined with a 30 mil
PVC liner. Specifications that govern the material, testing and installation
requirements (Specification Section 02770) for the PVC liner at Rosewater are
included in Appendix A at the end of this Manual. This same type of liner material
is used in solid waste landfills, toxic waste sites and sewage lagoons to contain
contaminated water and to protect groundwater, and this same type of liner is also
used in hundreds of thousands of man-made ponds and lakes around the world.
The Rosewater Lakes will contain Whitefish River water and not contaminated
water.

The liner material will be manufactured, supplied and installed by either Colorado
Lining International; Northwest Lining; or another reputable geomembrane liner
manufacturer. The 30 mil PVC liner will be manufactured and fabricated in
accordance with the PVC Geomembrane Institute (PGI) Quality Control Document
and the National Science Foundation (NSF) Standard 54 — Flexible Membrane
Liners.

The company that will supply and install the liner at Rosewater, will fabricate large
20,000 (+) sq. ft. sections of liner material at the factory and then ship the large
sections to Rosewater for installation. All “factory” seams will be thermal welded
and air tested at the factory. All “field” seams will also be thermal welded and
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tested in accordance with ASTM D7177 — air channel test for PVC geomembrane
field seams - prior to covering. The in-place liner will provide a long-term
impermeable containment system.

Virtually all PVC liner manufacturers warrant their liner material(s) for 20 years but
the expected life of the liner is significantly greater than that. The long warranty
period is testimony that the material is expected to maintain its strength and
integrity for a considerable period of time, well beyond the established warranty
period.

1.2.1 Longevity of PVC Liners

Several studies have been included in Appendix B of this Manual
documenting the longevity or long-term durability of PVC liners. In one study
titled, “10 Mil PVC Performs After 25 Years on the Job”, a 10 mil liner
installed in 1968 at a golf course irrigation pond in Northern Michigan was
excavated as part of a pond enlargement project. The liner had been
covered with 12” of sand and about 6 to 8” of accumulated silt. Tests on the
10 mil liner resulted in an elongation at break of 267% which exceeded the
original specification of 250%. Peel tests of both factory and field seams
were above the minimum requirements, as were tests for shear and
modulus. This liner was reported to have provided 25 years of leak free,
trouble free and maintenance free service.

In another study titled, “Thirty-Year Durability of a 20-Mil PVC
Geomembrane”, twenty circular agricultural ponds, constructed in 1971 at
the W.K. Kellogg Biological Research Station in Hickory Corners, Michigan,
were removed as the ponds had become congested with dense stands of
cattails, trees and other vegetation and the ponds needed to be cleared and
relined for new experiments. Each of the existing ponds had been lined with
a 20 mil fish-grade PVC liner and none were reported to be leaking.
Observations of the liners showed an absence of root penetration through
the liner. All of the tree and cattail roots grew down to the PVC liner and
then grew horizontally along the top of the liner. A lack of holes indicated
the liners resisted biological attack from microorganisms. Tests indicated
that the tensile behavior was well within current specifications for new 20 mil
PVC liners. Results showed that the material properties of the 30-year old
PVC liner exceeded NSF Standard 54 required valves and the more
restrictive PGl values.

From published research on PVC liners, it can be safely concluded that a
properly fabricated, seamed and installed PVC geomembrane liner, bedded
on and covered with fine grained rock-free soils, can provide leak-free,
trouble-free and maintenance-free service for an indefinite period of time.
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1.2.2 Protection of Liner

As mentioned above, the PVC liner is protected from damage by 18 inches
of fine-grained, gravel-free cover material. Twelve inches of cover is
recommended by virtually all liner suppliers, including Colorado Lining;
however, 18 inches of cover material was used for the Rosewater lakes to
provide additional protection.

Although the cover material provides adequate protection from the proposed
water use activities at Rosewater, Homeowners and lake users shall be
aware that the liner can be punctured if the cover material is penetrated by
stakes, posts or piles. The following rules shall apply:

« No buildings, structures or fences, of any type or design, are
allowed within 20 ft. of the high water mark.

« No landscaping, other than lawns, will be allowed within 20 ft. of the
high water mark

« Plans for ALL DOCKS shall be reviewed and approved by the
Architectural Review Committee PRIOR TO construction.

« No dock will be allowed if driven piles are proposed for support or
anchorage.

« Anchorage for floating docks shall be located no closer than 20 ft.
from the high water mark.

1.3 Maintaining Water Level

Water to fill and maintain water level in the lakes is pumped from the Whitefish
River by a pump system located adjacent to the river. Water is pumped through a
10" PVC water line from the river to the lakes. The 10" water line, from the
northeast corner of Rosewater property down to the pump system, crosses private
property and there is an existing 10-ft. easement is along this section of water line.
Access for maintenance and repair of the water line, pump system or river intake
shall be confined to this 10-ft. easement.

The lake water level is controlled by a pressure transducer, programmable
controller and radio telemetry system. When the water falls to a preset level (e.g.
3" below the high water level) the transducer sends a 4 — 20 mA signal,
proportional to the water level, to a programmable controller and a signal is then
sent via a radio telemetry system to the pump at the river. The pump starts and
feeds water to the lakes. When the water level rises to the preset high water level,
a signal is sent to the pump to shut down. High level and low level alarms are
provided and a telephone dialer will alert maintenance personnel to any alarm
condition.

Operating and maintenance personnel will shutdown and winterize the Whitefish
River pump system at end of September each year and will restart the system on
or about April 1 of each year. Water level in the lakes will be lowered to at least 9
below the normal high water level by the first of November each year to provide
storage for winter and early spring precipitation.
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1.3.1 Evaporation

A drop in the water level can result from evaporation and/or irrigation.
Evaporation rates are obviously dependent on several variables, ambient air
temperature being only one. Other factors include water temperature,
humidity, precipitation and air movement or wind. Because of that,
evaporation rates vary significantly throughout the year and from year to
year. Based on studies at Hungry Horse Reservoir, on average, the only
months of the year where there is a net loss of water - evaporation losses
are greater than gains from precipitation - are July, August and September.
In those months, net evaporation losses are 3.4”, 3.9” and 2.4 respectively.
With a water surface area of 27 acres, water loss during those months would
be 2.49 million gallons (mg), 2.86 mg and 1.76 mg respectively. The
combined loss of water during July, August and September equates to
almost 15% of the total water volume of the lakes.

1.3.2 Irrigation

Water to irrigate Common Areas A, C, E and portions of Common Areas F
and |, will come from the lakes. Common Areas B & D will be irrigated from
the Evergreen Water & Sewer District's domestic water supply system and
Common Areas G, H and most of Common Areas F and | will not be
irrigated. All residential lots will be irrigated from the domestic water supply
system.

The total acreage to be irrigated with water from the lakes is approximately
13.5 acres. If water is applied at 1.0 inch per week, the total water used for
irrigation purposes will be about 366,590 gallons per week or 52,370 gallons
per day.

1.4 Types of Boats Allowed

The American Water Ski Association (AWSA) governs the types of towboats used
in water ski competitions throughout the United States, and the AWSA's National
AWSA Towboat Committee is charged with qualifying boats for use in water ski
competitions. Boats to be used in competition must meet certain performance
standards, including but not limited to power and acceleration, handling and
maneuverability and sound levels. All boats used at Rosewater must be
certified as meeting AWSA standards. Jet skis will not be allowed at
Rosewater.

All towboats shall be registered with the Rosewater HOA prior to initial use at
Rosewater, and the HOA may require safety or other inspections from time to time
as the HOA deems necessary. The owners of all towboats using the water ski
lakes at Rosewater, whether resident or visiting, shall have liability insurance in
the amount established by the Rosewater HOA. The Rosewater HOA shall be
named on insurance certificates as an Additional Insured. Written verification of
said insurance shall be submitted to the HOA prior to use of a towboat on the
Rosewater water ski lakes.
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1.4.1 Sound Levels
AWSA standards for sound levels are as follows:

Neither the average sound level for 36 mph passes nor the average sound
level for 34.2 mph passes shall exceed 75 decibels (dB) at 125 ft. Any boat
that fails to meet this standard will not be allowed to operate at Rosewater.
Testing shall be conducted from shore as follows:

a. Place dB meter at a point 125 ft. from the centerline of the slalom
course.

b. Align dB meter with Buoy #2 or #3 on the opposite side of the course
from the buoy. That way the skier is farthest from the sound meter
in order to minimize noise from the ski and skier.

A copy of the AWSA/USA Water Ski Towboat Policy Manual is included in
Appendix C of this Manual.

1.5 Invasive Species Inspection Requirement

Every boat entering Rosewater property must have a seal or some type of
verification from the Montana FWP, or a FWP Inspection Station, indicating that
the boat and trailer have successfully passed an inspection for invasive species.

2.0 MONITORING WELLS

A series of six monitoring wells have been provided around and nearby the Rosewater
water ski lakes. These monitoring wells are provided to monitor groundwater levels, to
facilitate periodic sampling of groundwater and, in the unlikely event of a leak, to aid in
determining whether or not leakage may be occurring from the lakes.

There is a perched aquifer beneath the Rosewater property that generally varies in
depth from 30 to 40 ft. below the ground surface, and generally flows in a northwest to
southeast direction — more specifically South 20° East. The perched aquifer discharges
at lower portions along the river bank just east of Rosewater property and several seeps
have been reported in this area. The discharge is to the Whitefish River and/or to
wetland areas along the river. The monitoring wells in Rosewater will be drilled into this
perched aquifer.

2.1 Description & Location

Figure 1 shows the locations of the six monitoring wells. Each monitoring well will
be drilled through, and about 5 ft. beyond, the perched water table and a 2° PVC
pipe will be installed to facilitate water level monitoring and sampling. The 2" PVC
pipe will be screened at the water bearing formation and the upper end of each
well will terminate inside a 6” steel casing with a lockable cover.

Two monitoring wells, MW #1 and MW #86, will have data-loggers that continuously
monitor the respective water levels in each well. The data will be downloaded
monthly from April through September and every two months from October
through March. The data will be graphed so groundwater level trends can be
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determined. In the remaining four monitoring wells, water levels will be measured
once each month from April through September.

Water from each of the six monitoring wells will be sampled once each month from

April through September and will be tested for Aquashade® (Acid Blue 9 and Acid
Yellow 23) the colorant that will be used in the lakes to help control the growth of

vegetation. The dyes in Aquashade® are not filtered out when moving through
fine grained soils so the presence of these dyes in any of the monitoring wells
would be indicative of leakage.

2.2 Additional Monitoring

a. The flowmeter on the lake fill line will be read and recorded on a weekly
basis from April through September and then on a monthly basis from
October through March.

b. The lake level transducer will be read and recorded on a weekly basis
from April through September and then on a monthly basis from October
through March.

c. Temperature and precipitation data will be kept daily throughout the
water ski season.

2.3 Who Performs Monitoring

Initially, the above-described monitoring will be the responsibility of Carver
Engineering until at such time Rosewater maintenance personnel can be trained
to do the work.

3.0 LEAKDETECTION

It must first be pointed out and be clearly understood, that based on the type and
thickness of the liner material used at Rosewater, installation of the liner by authorized
representatives of the liner manufacturer with testing of all factory and field seams, and
the fact that soils on which the liner was installed and soils used to cover the liner
contained no rock fragments of any size and are essentially ideal for liner installation,
leakage through the installed Rosewater liner is extremely remote. The 30 mil PVC has
a manufacturer's warranty of 20 years; however, it is fully expected that the liner will
provide trouble-free containment of water in the Rosewater lakes for many years longer.
(Refer to Subsection 1.2.1 — Longevity of PVC Liners in this Manual as well as the
studies in Appendix B). It is also important to note that the liner was covered with 18" of
fine grained, gravel-free soil, more than the 12" of cover recommended by virtually all
liner manufacturers and suppliers, which will provide added protection against
accidental damage to the liner.

As previously mentioned, Aquashade® will be used to control the growth of vegetation

in the lakes and the presence of the dyes in Aquashade® in any of the monitoring wells
will indicate that leakage has or is occurring at some location in the lakes. The location
of the monitoring well in which the dye was observed, along with direction of
groundwater flow, will give some general understanding of the location of a leak;
however, beyond that, it will be necessary to employ a professional liner leak detection
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firm to determine the exact location of the leak and to establish the magnitude or size of
the leak.

3.1 Description

Leaks through geomembranes, e.g. PVC liners, can easily be detected, located
and, in some cases, quantified by the electrical leak location method. The
principal behind this method is to apply voltage to an electrode in the soil or water
covering the liner and then locate where the electrical current flows through a leak
or leaks in the liner. The premise behind the technology is simple: “Where the
water goes — the electricity flows”.

There are several companies specializing in leak detection through
geomembranes, but hydroGEOPHYSICS (HGI), of Tucson, AZ, has developed a
floating cable array system with multiple transmitting electrodes that can be
stretched across a pond or lake and be slowly pulled along the full length of the
lake. A color-coded map can be generated showing the location(s) of any leaks.
The lakes can be filled to maximum capacity prior to conducting the leak detection
survey which allows for a complete survey of potential leaks along the slopes and
bottom in just a single setup. With water and soil covered liners like that at
Rosewater, leaks as small as 0.04 square inch can be detected.

3.2 |If a Leak Is Detected

If a leak is detected by a leak detection survey, as described above, the location of
the leak and the approximate magnitude of the leak will have been determined by
the mapped survey results. For relatively small leaks up to 1/2" in size, an
environmental soil sealant (ESS-13) shall initially be applied.

ESS-13 is a product sold and applied by Seepage Control, Inc., of Chandler, AZ,
and after determining the proper application rate, the soil sealant material can be
applied with water still in the lakes. ESS-13 is a colloidal dispersion of oil in water
and works by reducing the hydraulic conductivity of the soils by filling voids in the
soil and by chemically and electrically modifying the alignment of clay platelets in
the soil. After application of ESS-13, which may take 24 to 48 hours to be
effective, an electrical leak detection survey shall again be conducted to determine
the effectiveness of the ESS-13 application. If significant leakage is still detected,
physical repair of the liner, as described below, will be necessary.

3.3 Lowering the Water Level & Fixing Leaks

The north and south lakes can be isolated from one another by using portable
dams — AquaDam, FlexiDam, Aqua-Barrier, or equal — at the west end of the
lakes. Then only the water level in the lake with the leak will be lowered. [t
should be pointed out that lake water will not be drained or pumped back to
the Whitefish River to lower lake water level.

a. A leak within 2'-0" of the normal high water level (HWL) will be repaired by
first shutting the valve on the water fill line to the leaking lake and allowing
the water level to fall to the leak elevation by evaporation, drawing water for
irrigation and/or by continued seepage through the leak. If the water level
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in the non-leaking lake is below that lake’'s HWL, water can be pumped
from the leaking lake to the non-leaking lake.

Localized damming can then be employed at the leak and cover soil can be
removed to expose the liner. The liner will then be repaired by an
authorized representative of the liner manufacturer or someone working
under the guidance of the liner manufacturer.

b. A leak below 2-0" from the HWL will be repaired by same methods as
described above; however, a temporary pump and irrigation system will be
provided to more quickly lower the water level. This water will be applied to
non-irrigated Common Areas H and/or I.

Water will applied at historic crop irrigation rates and irrigation will be
monitored to preclude surface runoff. As a precaution, erosion control
BMP’s will be installed along any drainage within 200 ft. of the top of bank
along the east side and southeast corner of the Rosewater property.

4.0 VEGETATION CONTROL

The control of vegetation in and around the Rosewater lakes is important for water
quality reasons and for aesthetics. The lakes are an extremely important asset to the
Rosewater community and proper care of the lakes is essential.

4.1 Colorants

Colorants are concentrated dyes used to give an aesthetically pleasing

appearance to water and to control the growth of vegetation. Aquashade®,
mentioned several times in this O&M Manual, will be used in the Rosewater lakes
for those reasons. Aquashade® is a blend of blue and yellow dyes which shades
specific portions of the sunlight spectrum (red-orange and blue-violet) required by
underwater aquatic plant and algae for growth. This shading inhibits
photosynthesis in young, bottom growth.

Although not for use in human drinking water, there are no restrictions for
animal/livestock drinking, irrigation, swimming or fish consumption when used at

recommended rates. Aquashade® is registered by the EPA for use in natural and
man-made contained lakes and ponds (ornamental, recreational, fish rearing &
fish farming bodies) with little or no outflow of water.

The recommended application rate for Aquashade® is 0.25 gallon per acre-ft.
There is approximately 153 acre-ft of water in the Rosewater lakes, so a total of

38.25 gallons of Aquashade® would be needed for the initial application. As new
water is added to the lakes, to replace water that has evaporated or has been

used for irrigation, additional Aquashade® will have to be applied to maintain

adequate levels of colorant. Aquashade® is self-dispersing and can be applied by
pouring it along the shoreline and/or from a boat.
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4.2 Algaecides

Algae are small organisms which can spread rapidly through flowing water, wind
or on living organisms. Algae can cause cloudy water, scum on the water surface,
or thick mats that can be floating or underwater. There are many different
algaecide products available and it is very important to first identify the type or
types of algae that need to be controlled before selecting the algaecide to be
used.

It is strongly recommended that Rosewater operating and maintenance personnel
obtain a copy of, “How to Indentify and Control Water Weeds and Algae”. The
manual can be downloaded from the Applied Biochemists web site at:
appliedbiochemists.com.

4.3 Herbicides

As with algaecides, there are numerous herbicide products available. Controlling
aquatic plant growth can be difficult because most often the plant must be
identified properly before it can be correctly treated. As mentioned above, a copy
of “How to Indentify and Control Water Weeds and Algae” is recommended for
operating and maintenance personnel at Rosewater.

5.0 FUNDING OF OPERATION & MAINTENANCE

Funding of operation and maintenance of the Rosewater lakes, and other Rosewater
improvements and amenities, is the responsibility of the Rosewater Homeowner's
Association (Rosewater HOA). Adequate monthly or annual O&M fees must be
collected to fund, not only operation and maintenance of the water ski lakes, but also
groundwater monitoring and sampling, maintenance of Common Areas, irrigation
systems, road maintenance and all other Rosewater amenities.

Score Management, LLC, owner and developer of Rosewater, will contribute an
adequate amount (initially $10,000) of “seed money” for the Rosewater HOA to help
start a funding pool for their O&M responsibilities.
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30 mil PVC fabricated geomembrane from EPI - The Liner Company
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30 Mil PVC Specification

[Certified Properties Test Method Requirement
Thickness 5% ASTM D 5199 .030"
Tensile - Ib. force/in. width, min. ASTM D 882 73
|[Elengation at Break (%, min.) ASTM D 882 380
100% Modulus- Ib. force/in. width, min. ASTM D 882 30
[Tear Strength (lb./in., min.) ASTM D 1004 8
Dimensional Stability (% change max.) ASTM D 1204 3
impact Cold Crack {°C) ASTM D 1790 -29
|
lindex Properties
ISpecific Gravity (min.) ASTM D 792 1.20
[Water Extraction (%, max.) ASTM D 1239 0.15
Volatile Loss (%, max.) ASTM D 1203(A) 0.70
Resistance to Scoil Burial (% change ASTM G 160
max.)

1. Breaking Factor 5

2. Elongation at Break 20

3. Modulus at 100% Elongation 20
Hydrostatic Resistance (psi, min.) ASTM D 751(A) 100
IPlasticizer Min. Ave. Molecular Weight ASTM D 2124 400
|
[Minimum Specifications for EP| Factory Fabricated Seams:
|Peel Strength, Ibs/in. width ASTM D 7408 16
IShear Strength, Ibs/in. width ASTM D 7408 58.4
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PART 1

1.1

A.

1.2

A.
B.
C.

1.3

A,

SECTION 02770

PVC GEOMEMBRANE

GENERAL

SECTION INCLUDES

The GEOSYNTHETICS CONTRACTOR shall furnish all labor, materials, equipment,
tools and appurtenances required to complete the installation of all
geomembrane, complete with appurtenances, as shown, specified or required by
the Drawings.

RELATED SECTIONS

Section 02278 - Geosynthetic Clay Liner
Section 02595 - Geotextile
Section 02599 - Geocomposite Drainage Layer

REFERENCES

American Society for Testing and Materials (ASTM):

1. D 618 Conditioning

D 751 Hydrostatic Burst Test, Section 33, Procedure A

D 792 Specific Gravity

D 882 Tensile Properties

D 1004 Standard Test Method for Initial Tear Resistance of Plastic Film

s W B

and Sheeting

6 D 1203 Volatile Loss

7 D 1204 Dimensional Stability

8. D 1239 Water Extraction

9 D 1790 Low Temperature Impact

10. D 4354-99 Standard Practice for Sampling of Geosynthetics for Testing

11, D 4551 PVC Plastic Concealed Water Containment Membrane

12. D 4873-01 Standard Guide for Identification, Storage, and Handling of
Geosynthetic Rolls and Samples
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1.4

A,

13. D 5199-01 Standard Test Method for Measuring the Nominal Thickness of
Geosynthetics

14. D 5321-92 (1997) Standard Test Method for Determining the Coefficient
of Soil and Geosynthetic or Geosynthetic and Geosynthetic Friction by the
Direct Shear Method

15. D 5820-95 Standard Practice for Pressurized Air Channel Evaluation of
Dual Seamed Geomembranes

16. D 6214 Chemical Seam Evaluation

17 D 6243-98 Standard Test Method for Determining the Internal and
Interface Shear Resistance of Geosynthetic Clay Liner by the Direct Shear
Method

i8. D 6392-99 Standard Test Method for Determining the Integrity of
Nonreinforced Geomembrane Seams Produced Using Thermo-Fusion
Methods

19. D 7176 Standard Specification for Non-Reinforced Polyvinyl Chloride (PVC)
Geomembranes used in Buried Applications.

20. D 7177 Standard Specification for Air Channel Evaluation of Polyvinyl
Chloride (PVC) Dual Track Seamed Geomembranes

Environmental Protection, Inc.

1. Quality Control Manual for Fabrication and Installation of PVC
Geomembranes. January 1, 2006.

The most current version of the specified test method shall be followed by the

MANUFACTURER, GEOSYNTHETICS CONTRACTOR or authorized testing

laboratory.

DEFINITIONS

Minimum Value - Property value representing the lowest individual allowable
value obtained when tested according to the specified test method. This applies
to individual readings, such as thickness; or where only one specimen is tested
for the specified parameter.

Minimum Average Value - Property value representing the lowest allowable value
for the average of results for the specimens tested.

Nominal Value - Property value that is representative of a measurable property,
determined under a set of prescribed test conditions, by which a product may be
described.
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1.5

A.

Lot - For the purposes of this project, a “Lot” will be defined as a single run of
geo synthetic material from the same production facility, where the tooling and
raw materials of production have not changed during manufacturing.

Roll - A quantity geomembrane rolled up to form a single package as supplied
from the manufacturer

Sheet - A part of the manufactures geomembrane material cut from the roll.
Panel - A series of geomembrane sheets fabricated together to make a larger
unit, as supplied by a fabricator usually folded onto a pallet or folded then rolled
on a core.

Manufacturer - A company that takes raw materials and calendars or extrudes
them into geomembrane rolls

Fabricator - a company that converts geomembrane rolls into panels

Installer - a company that installs PYC geomembrane panels in field applications.

SUBMITTALS

The GEOSYNTHETICS CONTRACTOR shall submit to the ENGINEER all items
included in this Article. Submittals shall be provided as follows:
1. With the GEOSYNTHETICS CONTRACTOR's BID:
a. A project reference list documenting the experience of the
GEOSYNTHETICS CONTRACTOR on a minimum of 5 projects
consisting of at least 10 million square feet of installed PVC

geomembrane.

b: A copy of the Fabricator’s Quality Assurance/Quality Control
(QA/QC) Plan for the complete geomembrane fabrication process.

o A schedule of operations, including means and methods of
installation.

d. The name of the fabricator of the geomembrane panels to be

used for the project and the proposed method of joining adjacent
geomembrane panels.
2 At least 15 days prior to delivery of geomembrane to the site, unless
otherwise noted below:
a. Shop drawings, including proposed panel diagram and details of
proposed work, pipe boots, and details of sealing around all
necessary geomembrane penetrations, to be submitted at least

15 days prior to delivery of geomembrane to the site. The panel
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3.

diagram must depict and/or note the planned number and
orientation of panels, the panel sizes, seam orientation,
placement of seams in corners, treatment of tee seams and the
GEOSYNTHETICS CONTRACTOR's preferred sequence of panel
placement. The PVC panels shall be orientated in a manner that
minimizes seams. The ENGINEER, prior to geomembrane
installation must approve the panel diagram. The ENGINEER, in
writing, prior to altering the installation, must approve proposed
revisions to the panel diagram.

Geomembrane - Manufacturing Quality Control (MQC) data
(Material Certifications) for the geomembrane to be delivered to
the site. The reports shall include the quality control test results
obtained during the manufacture of the material. In the event
material is delivered to the site prior to the receipt of the MQC
certificates, the material without certificates will be stored
separately from the material with certificates. Material with
unacceptable MQC data will be segregated from approved
material and shall be marked for rejection. The geomembrane
will be rejected if it is found to have defects, rips, holes, flaws,
deterioration or other damage deemed unacceptable by the
ENGINEER.

Geomembrane Sample - Samples of the proposed geomembrane
shall be sent to the OWNER for interface shear testing within 5
days after the OWNER makes such request. The
GEOSYNTHETICS CONTRACTOR shall coordinate the quantity and
dimensions of the samples with the OWNER.

At least 15 days prior to installation:

a.

Resumes of geomembrane crew; including, Supervisor, QC
Manager, and Master Seamer. The resumes shall include prior
experience in installing PVYC geomembrane. Individual
geomembrane crew members will be subject to the approval of
the ENGINEER and OWNER.

A copy of the GEOSYNTHETICS CONTRACTOR's standard
operating procedure (SOP) for operating an ATV on site,
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B.

1.6

A.

particularly with respect to specific uses of the ATV and the
prevention of damage to materials.

C. Field tensiometer calibration certificate showing that the
equipment to be used for shear/peel testing in the field has been
calibrated by a qualified individual within the previous 6 months.

4, During Installation Submitted Daily:

a. Completed Subgrade Acceptance Form, as endorsed by the
ENGINEER, prior to geomembrane deployment in any area.

b. Construction progress reports clearly showing geomembrane
placed by date.

Passing and failing test results for trial seams.
d. Documentation of passing and failing destructive and non-

destructive testing of installed seams.

5. Within 5 days after completion:
a. Summary and log of all field quality control work completed by
the GEOSYNTHETICS CONTRACTOR.
b. Certification statement signed by the Supervisor that

geomembrane installation is complete and in accordance with
these Specifications, with details of any changes or exceptions
noted.

c. Statement of material and installation warranties.

The above-noted requirements shall apply to all shop-fabricated materials and
those items specified for fabrication in the field.

PRODUCT DELIVERY, STORAGE, AND HANDLING

The GEOSYNTHETICS CONTRACTOR shall protect the work described in this
Section before, during, and after installation, and shall protect the installed work
specified in other Sections, as well as work completed by the OWNER.
Geomembrane labeling, shipment and storage shall follow ASTM D4551 as
modified according to this Specification.

Product labels shall be placed on the top of panels such that they can be seen,
clearly showing the fabricator or supplier name, product description, panel
number, and panel dimensions.
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Each panel of PVC shall include any additional information required to allow the
ENGINEER to relate that panel with the manufacturing quality control and raw
material quality assurance documentation. Additionally, if any special handling is

required, it shall be so marked on the outside surface of the wrapping.

E. During storage, the geomembrane shall be placed on a stable, relatively flat, dry,
well-drained surface. The geomembrane pallets shall not be placed on objects
that may cause deformation of the geomembrane panels. Adequate space shall
be left between stored panels, such that panel labels can be examined. The
geomembrane shall be protected from the following:

1. Site construction damage.

2. Chemicals that are strong acids or bases.

3. Flames, sparks, geomembrane temperatures in excess of 150° F.

4, Any environmental condition that might damage the geomembrane.

F. Panel numbers on partially used panels must be maintained such that each panel
number can be readily identified prior to deployment of the remaining portions of
the panel.

G. If the ENGINEER determines the geomembrane is damaged, the
GEOSYNTHETICS CONTRACTOR shall make all repairs and replacements in a
timely manner, so as to prevent delays in the progress of the work.

PART 2 MATERIALS
2.1 GENERAL

A. The geomembrane sheet shall consist of polyvinyl chloride (PVC) resin in
amounts greater than 50% of the total polymer content suitably compounded
with plasticizers, stabilizers, additives, and pigments, to satisfy the physical
property requirements.

B. The ENGINEER shall conduct conformance testing on the geomembrane. The

GEOSYNTHETICS CONTRACTOR shall, at no additional cost to the OWNER,
provide whatever reasonable assistance the ENGINEER may require in obtaining
samples for conformance testing. Geosynthetic material sampling frequency shall
be in accordance with ASTM D4354, unless determined otherwise by the
ENGINEER. A qualified laboratory with GAFLAP accreditation shall conduct

conformance testing.
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Conformance testing will be at the expense of the OWNER, unless the tests show

the material does not comply with the Specifications, in which case the

GEOSYNTHETICS CONTRACTOR shall pay the cost of re-sampling and testing.

D. The GEOSYNTHETICS CONTRACTOR shall ke solely responsible for the quality of
the material provided. Should any of the tests performed on the material yield
unsatisfactory results, the GEOSYNTHETICS CONTRACTOR will be responsible for
replacing the material with satisfactory materials without delay to the project or
cost to the OWNER.

2.2 GEOMEMBRANE
ASTM D7176 Standard Specification for Non-Reinforced Polyvinyl Chloride (PVC)
Geomembranes used in Buried Applications.
Cartified ASTM PVC 10 PVC20 PVC30 PVC40 PVC50 PVC60
Properties
Thickness D 5199 10 4£0.5 mil 20 +1 30 +1.5 40 +2 50 £2.5 60 + 3
0.254+.013mm mil mil mil mil mil
0.51 + 0.76 + 1.02 + 1.27 + 1.52 +
.03 mm .04 mm .05 mm .06 mm .08 mm
Tensile D 882
Properties? Min
Strength at 24 Ibs/in 48 Ibs/in 73 lbs/in 97 Ibs/in 116 137
Break 4.2 kN/m 8.4 12.8 17.0 Ibs/in Ibs/in
kN/m kN/m kN/m 20.3 24.0
kN/m kN/m
Elongation 250% 360% 380% 430% 430% 450%
Modulus at 10 Ibs/in 21 Ibs/in 32 Ibs/in 40 lbs/in 50 Ibs/in 60 Ibs/in
100% 1.8 kN/m 3.7 5.6 kN/m 7.0 8.8 kN/m 10.5
kN/m kN/m kN/m
Tear Strength D 1004 2.5 Ibs 6 Ibs 8 lbs 10 lbs 13 Ibs 15 Ibs
Min 11 N 27 N 35 N 44 N 58 N 67 N
Dimensional D 1204 4% 4% 3% 3% 3% 3%
Stability Max Chg
Low D 1790 -10°F -15°F -20°F -20°F -20°F -20°F
Temperature Pass -23°C -26°C -29°C -29°C -29°C -29°C
Impact
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Index
—-—_Pro arties ASTM PVC 10 PVC 20 PVC 30 PVC 40 PVC 50 PVC 60
Specltic GraiDy T[:/;i?:il 1.2 g/cc 1.2 g/cc 1.20/cc 124/ 1.2@/cc 1.2 glec
Water Extraction D 1239
Percent Loss Max Loss 0.15% 0.15% 0.15% 0.20% 0.20% 0.20%
(max)
vakssle: kuss o 1.5% 0.9% 0.7% 0.5%  0.5% 0.5%
Soil Burial G 160
Max Chg
Break 5% 5% 5% 5% 5% 5%
Strength
Elongation 20% 20% 20% 20% 20% 20%
Modulus 20% 20% 20% 20% 20% 20%
at 100%
Hydrostatic D 751 42 psi 68 psi 100 psi 120 psi 150 psi 180 psi
Resistance Min 290 kPa 470 kPa 690 kPa 830 kPa 1030 kPa 1240 kPa
Seam
s ASTM PVC 10 PVC 20 PVC 30 PVC 40 PVC 50 PVC 60
trengths
Shear D-882 20 Ibs/in 38.4 58.4 77.6 96 lbs/in 116
Strength? Min 3.47 kN/m Ibs/in Ibs/in Ibs/in 17 kN/m Ibs/in
6.7 KN/m 10 kN/m 14 kN/m 20kN/m
Peel Strength2 D-882 10 Ibs/in 12.5 15 Ibs/in 15 Ibs/in 15 Ibs/in 15 |bs/in
Min 1.8 kN/m Ibs/in 2.6 kN/m 2.6 kN/m 2.6 kN/m 2.6 kN/m
2.2 kN/m

*FTB = Film Tearing Bond *MD = Machine Direction

Notes:

1. Certified properties are tested by lot as specified in ASTM D-7176.
2. Metric values are converted from US values and are rounded to the available significant

digits.

3. Modifications or further details of test are described in ASTM D-7176.
4, Index properties are tested once per formulation as specified in ASTM D-7176.

*TD = Transverse Direction

A, Geomembrane Conformance Testing - The ENGINEER shall take samples of the

geomembrane panel for conformance testing.
samples shall be three feet long by the roll width and shall not include the outer

Unless otherwise specified,
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wrap.

The ENGINEER or authorized representative shall mark the machine

direction on the samples with an arrow.

1. Unless otherwise specified, conformance samples shall be taken at a rate
of one per 100,000 square feet. An appropriate number of samples, as
determined by the ENGINEER in accordance with ASTM D4354 will be
taken. The ENGINEER will ship these samples directly to the CQA
laboratory.

2. Geomembrane conformance samples selected by the ENGINEER may be
tested for any properties specified in Article 2.3, but shall as a minimum
be tested for the following:

GEOMEMBRANE CONFORMANCE
MINIMUM TESTING AND FREQUENCY
PROPERTY TEST METHOD

Thickness ASTM D 5199
Strength at Break ASTM D 882

Elongation ASTM D 882

Modulus at 100% ASTM D 882

Tear Strength ASTM D 1004
Low Temperature ASTM D 1790

3k Non-conforming material will not be used in the work. In the event non-

conforming results are obtained from the laboratory, the nearest
numbered rolls on each side of the non-conforming roll shall be sampled
and tested for the full suite of conformance tests, until the extent of non-
conformance is established, at no cost to the OWNER. The owner
reserves the right to reject the lot of rolls at any stage of extended
sampling and testing.

Interface Shear Testing - Interface shear strength testing of the geomembrane and
related materials is the responsibility of the OWNER. The results must comply with the
criteria determined by the OWNER, as specified in the Construction Drawings. All testing
must meet the minimum requirements, and the analysis of those results must be completed

by the ENGINEER prior to installation of the materials. Testing for geosynthetic to
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geosynthetic, or geosynthetic to soil interface, shall be conducted according to the current
version of ASTM D 5321-92 (97). Testing for interfaces involving geosynthetic clay liner
(GCL) shall be conducted according to the current version of ASTM D 6243-98.

2.5 FACTORY FABRICATION

A. All completed factory seams are 100% inspected. Factory seams will be visually
inspected for full seam continuity over their full length. Any areas that do not
meet the specified requirements shall be removed and repaired per section.

B. Destructive tests will be performed to verify that the seam strength requirements
of the specifications are met. Random samples shall be taken at a minimum of
every 3,000 lineal feet of factory seam or once per factory panel fabricated,
which ever is more frequent, and the following quality assurance tests will be
performed on each sample:

a. Thickness

b. bonded seam strength (shear strength)

c. peel adhesion

C. The sample shall be cut into ten one - inch wide specimens. Five peel and five
bonded seam specimens are removed. Five specimens shall be tested for bonded
seam strength (bss) and five for peel adhesion. To be acceptable, the average of
five test specimens for peel and the average of five test specimens for bonded
seam strength must meet the minimum peak load requirements of factory seams
as follows:

a. Bonded Seam Strength: One-inch strips cut with the weld centrally located
are tested by stressing the weld in a "shear" configuration. That is, the top
sheet is stressed in relation to the bottom sheet in a direction away from the
weld. A pass result occurs when the specimen averages meet the minimum
peak load requirements stated in the contract (usually 80% of specified sheet
strength). A failure occurs when the weld separates or the material breaks at
a peak load less than the minimum requirements. The test result to be
reported will be the average of the peak loads recorded for each of the five
specimens.

b. Peel Adhesion: One-inch strips cut with the weld centrally located are tested
by stressing the top sheet in relation to the overlapped edge of the lower

sheet in an effort to peel the weld away. Each specimen will be peeled one
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2.6

inch along the seam length. A pass result occurs when the specimen meets
the minimum peak load requirements stated in the contract. A failure occurs
when the weld peels at a peak load less than the specification without film
tearing bond. The test result to be reported is the average of the peak loads
recorded for each of the four specimens.
Each test will be identified by panel serial number and the manufacturer's roll
number. These tests shall be performed in the fabricators laboratory.
Prior to installation of the geomembrane at the site, the fabricator will provide to
the ENGINEER, copies of manufacturer material certifications and a copy of
quality control test results for all panels to be supplied, verifying conformance
with this specification and the requirements as represented in ASTM D 7176
specification. The location of any defects and repairs and all necessary retesting
results will also be documented in the report.
When a seam sample is removed from the panel being fabricated the resulting
hole will be repaired with a patch with a minimum of a one inch bonded area
around the patch, and the patch will be rounded on all corners.
Factory fabricated geomembrane panels are packaged accordion folded on a
sturdy wooden pallet designed for fork lift truck access. Smaller panels (i.e. less
than 500 Ibs.) can be rolled on a fiber core, and placed on a pallet.
All panels will be packaged with a protective, black stretch wrap or cardboard
cover to protect the panel from weather or shipping damage.

GEOMEMBRANE PENETRATION BOOTS

The GEOSYNTHETICS CONTRACTOR shall furnish all geomembrane penetration
boots and other materials required for completion of the geomembrane
installation. All geomembrane boots required for the project shall be factory pre-
fabricated boots. The geomembrane shall be of the same thickness as the
geomembrane panels.

Geomembrane penetrations are to be constructed only at the locations shown on
the Plans. The GEOSYNTHETICS CONTRACTOR is cautioned that no deviation in
the quantity or configuration of geomembrane penetrations will be accepted
without the advance written approval of the ENGINEER.
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PART 3

3.1

A.

All penetrations through the geomembrane shall be thoroughly and securely
sealed. The seal between the geomembrane and the pipe shall be without any
detectable leakage.

In attaching the geomembrane penetration boot in the field, no field seams will
be allowed in locations or configurations that do not allow for Construction
Quality Control testing. Visual observation 5 not considered a sole acceptable
method for in-field quality control.

Where clamps, fasteners, gasket seals or sealants are used, the GEOSYNTHETICS
CONTRACTOR shall use only materials that are compatible with the

geomembrane.

EXECUTION

SITE PREPARATION

All required grading, grooming and construction quality assurance (CQA) testing
on any low permeability soil or GCL to be covered by the geomembrane shall be
complete and accepted by the ENGINEER prior to geomembrane placement.

The surface to be covered by the geomembrane shall be cleared of sharp objects,
angular stones, sticks, or any materials that may contribute to punctures,
shearing, rupturing or tearing of the geosynthetic materials. The geomembrane
subgrade shall have a smooth, finished surface, free from pockets, holes, ruts,
and discontinuities that, in the judgment of the ENGINEER, will cause bridging of
the material. The subgrade shall be inspected for unsuitable areas or soft spots
before the geomembrane is placed, and additional surface preparation will be
required to eliminate any unsuitable areas as determined by the ENGINEER.

The GEOSYNTHETICS CONTRACTOR and ENGINEER shall carefully and completely
inspect the subgrade surface immediately prior to the deployment of each
geomembrane panel. No geomembrane shall be placed on unsuitable subgrade
surface, or without the ENGINEER’s written approval. The ENGINEER and the
GEOSYNTHETIC CONTRACTOR’s Quality Control (QC) inspector shall furnish their
signatures on a Subgrade Acceptance Log prior to the installation of each panel
or series of panels placed on a daily basis.
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D. Under no condition shall the geomembrane be placed over standing water on the
subgrade.

3.2 SEAMING METHODS

A. A six - inch wide overlap must be cleaned of all dust, dirt or foreign debris no
more than 30 minutes prior to welding. Only clean, soft rags will be used for
cleaning. If mud has adhered to the sheet surface overlap area, it will be
removed with clean water and allowed to dry prior to seaming.

B. During the cleaning operation, the sheet will be inspected for defective areas
which must be removed and/or repaired prior to seaming. The seaming operation
requires a solid, smooth subsurface. Subsurface voids, hard nodules, rocks, soft
areas or unsuitable conditions will be removed or repaired prior to seaming
during subgrade preparation.

c. Seaming cannot be conducted in the presence of standing water. Wet surfaces
must be allowed to dry. A slip sheet or seaming board may be used to lift the
geomembrane above damp surfaces. If wind conditions contaminate the seaming
area or displace the geomembrane sheets, temporary ballast and additional
cleaning procedures will be required.

D. The geomembrane panels shall be joined utilizing approved seaming methods.
Dual-track fusion welding shall be the required method on all seams where it is
feasible. Chemical welds shall be made only where approved by the ENGINEER.

E. All geomembrane surfaces that are to become a seam interface are to be free of
dust, dirt, excess moisture or any other condition that may affect the quality of
the seam.

o Seaming will not be allowed during rain or snowfall, unless proper precautions
are made to allow the seam to be made on dry subgrade and geomembrane
materials. If weather conditions are not satisfactory, panels will not be put into
place. If panels are placed and pulled out, the installation crew will do what is
necessary to finish or secure those individual panels that day.

G. The field seams shall be produced using one of the following methods:

1. Dual-Track Thermal Fusion Weld - All field seams shall be fused using Dual-

Track Thermal Fusion Welding. A seam produced by melting the two intimate
surfaces by running a hot metal wedge or hot air device between the
surfaces, followed immediately by pressure to form a homogeneous bond.

This seam has a center air channel for non-destructive testing of the seam.
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3.3

A.

Panels to be seamed shall be overlapped sufficiently to allow proper
destructive testing of seams. The CONTRACTOR shall mark the liner where
the Dual-Track Fusion Welding machine settings are adjusted (including
speed, temperature and pressure). Measurable setting values shall be
indicated on the liner.

2. Chemical Fusion Weld - Chemical Fusion Welding shall only be used for
repairs and detail work. All field seams will be a minimum of 2 inches wide. A
sufficient amount of chemical fusion agent will be applied that, upon
compressing the seam surfaces together, a thin excess of chemical fusion
agent will be forced out. A high durometer rubber, nylon or steel roller will be
used to compress the seam surfaces together until a bond is formed. Roller
action will be at a parallel direction to the seam's edge so that excessive
amounts of chemical fusion agent will be purged from between the sheets.
Trapped chemicals should be rolled out of the seaming area. Care will be
exerted in applying the chemical fusion agent. A continuous wet layer of
chemical fusion agent is necessary to prevent a leak at the tie - in point
between the last chemical fusion agent application and the next. If the
chemical fusion agent, which is initially shiny when applied, takes on a dull
filmy appearance, the interfaces may require a faster closing together or the
ambient temperature is too high to continue seaming. The installer will
monitor this condition at sheet temperatures over 105°F. At the completion
of seaming, all rags, chemical containers, etc., will be properly removed from

the geomembrane.

INSTALLATION

The number of panels to be deployed in any day will be limited to the number of
panels which can be seamed that day. The geomembrane will be placed over the
prepared surface in such a manner as to assure minimum handling.

Based on the approved geomembrane panel diagram and material certifications,
the individual panels will be numbered and seams will be identified by using the
panel numbers that create the seam. The PVC panels shall be installed in a
manner that minimizes seams. Where ever possible longitudinal seams shall be
oriented to be no greater than ten degrees from parallel with the direction of the
slope. Cross seams (i.e. those seams which join the ends of contiguous panels)

shall not be placed on any slope that exceeds a ten percent grade. All panels
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placed on slopes shall be cut no closer than five feet from the top of the slope or
ten feet from the toe of slope. All seam overlaps shall be shingled in a downslope
direction. In no case shall parallel seams be placed within five feet of the
centerline of any leachate collection pipe.

During installation, and any other period of exposure of geomembrane,
pedestrian and equipment activity over the geomembrane shall be kept to a
minimum, and restricted to only that which is necessary for geomembrane
construction.

Smoking is not permitted on the geomembrane.

Construction workers shall take precautions not to damage the geomembrane
surface. Construction workers shall wear smooth-soled footwear, and exercise
care not to drag tools across the geomembrane surface. All large tools are to
have smooth base plates or shoes. Construction and landfill staff shall be
informed of the restricted access to areas of geomembrane placement by use of
barriers and signs posted as necessary.

The GEOSYNTHETICS CONTRACTOR shall perform all activities of geomembrane
construction in such a way as to avoid damage to the geomembrane. Any
damage caused to the geomembrane by the GEOSYNTHETICS CONTRACTOR shall
be repaired or the material replaced at the expense of the GEOSYNTHETICS
CONTRACTOR.

No tracked or wheeled vehicles, other than low ground pressure ATVs as pre-
approved by the ENGINEER, shall be permitted on the geomembrane prior to
placement of adequate soil cover, as determined by the ENGINEER.

The GEOSYNTHETICS CONTRACTOR shall complete his work in a manner that will
prevent water or wind from getting under the partially installed geomembrane.
This could include, but is not limited to, installing sandbags along the leading
edges. Should excessive moisture become trapped below the geomembrane, or
should wind damage occur due to the negligence of the GEOSYNTHETICS
CONTRACTOR, the GEOSYNTHETICS CONTRACTOR, at no extra cost to the
OWNER, will be required to perform all work, including removing and replacing as
much of the in-place geosynthetic material as the ENGINEER directs, to assure
that the integrity of the geomembrane and the underlying subbase or
geosynthetic clay liner (GCL) has not been compromised.

Seams shall be welded throughout the entire length of the panels during initial

panel seaming.
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Sandbags or other approved ballast shall be used to prevent bridging or material
movement in areas such as toe of slope or near sumps. Ballast shall not be used
to force the geomembrane into contact with the subgrade.

Special care shall be taken to prevent tensile stress in the geomembrane and
geomembrane sears in all corners and grade changes.

The GEOSYNTHETICS CONTRACTOR shall exercise his best judgment and care to
provide sufficient slack in the PVC geomembrane.

The geomembrane shall not be installed when ambient or sheet temperatures are
below 32° F, when the sheet temperature exceeds 158° F, or when the air
temperature is above 120° F unless the GEOSYNTHETICS CONTRACTOR
demonstrates, to the satisfaction of the ENGINEER, that procedures can be
implemented which will result in the proper installation and seaming of the
geomembrane.

Adjacent geomembrane panels shall be allowed to reach essentially equivalent
temperatures prior to seaming to avoid development of fishmouths.

If fishmouths are created at the seam overlaps, they shall be cut to achieve a flat
overlap.

Geomembrane covering operations shall be performed in a manner that does not
damage the geomembrane lining system. Geomembrane covering operations
shall be performed only in the presence of a Construction Observer such that the
condition and cleanliness of the geomembrane is observed at the time the
material is covered, and any effects of the covering operation on the
geomembrane lining system can be observed.

Any use of ATV’'s on the site must be pre-approved by the ENGINEER. The
GEOQSYNTHETICS CONTRACTOR shall submit an S.0.P. describing how ATV's are
to be used, if at all, in the deployment of geomembrane at the site. As a
minimum, the following shall apply:

1. Any damage resulting from the use of ATV’'s, as determined by the
ENGINEER, shall be repaired according to Article 3.3, at no additional cost
to the OWNER. If repeated repairs are required as the result of the use of
ATVs operating on geosynthetic material, further use of ATVs will be
prohibited.

2 Any and all ATV's proposed to be used in the deployment of geosynthetics
will be inspected by the ENGINEER. ATV’s which are found to be leaking oil
or fuel, or which in any other way exhibit the potential to damage the lining
system components, will not be permitted.
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3. Any oil or fuel which leaks onto geosynthetic materials shall be thoroughly
removed (cleaned) by the GEOSYNTHETICS CONTRACTOR, or the
geosynthetic material shall be replaced at the discretion of the ENGINEER,
at no additional cost to the OWNER.

4, Re-fueling of ATVs on geosynthetic materialk is prohibited.

5. ATVs shall have tires with low ground pressure, typically less than 5psi,
and shall have shallow treads.

6. ATVs shall be operated by a single operator at speeds less than 5 mph.

7.  Quick starts, stops, spinning wheels and sharp turns will not be permitted
above any geosynthetic material.

3.4 REPAIRS

A.

PART 4

All geomembrane panels and seams shall be examined by the ENGINEER for
defects, holes, blisters, undispersed raw materials, and any sign of contamination
by foreign matter. The geomembrane surface shall be clean at the time of
examination. Each suspect location shall be repaired and all repairs shall be non-
destructively tested.

Damaged geomembrane shall be removed and replaced with acceptable

geomembrane if damage cannot be repaired to the satisfaction of the ENGINEER.

Any portion of the geomembrane, or any portion of a seam exhibiting a flaw or

failing a destructive or non-destructive test, shall be repaired as follows:

1. Geomembrane patches shall be used for holes over 1/8 of an inch in
diameter, tears, and contamination by foreign matter. Patches shall be
constructed of the same geomembrane, and will be joined to the panel
using adhesive or chemical fusion welding where possible.

2. Geomembrane patches or caps shall extend at least 6 inches beyond the
edge of the defect or failed seam area, and all corners of material to be
patched. The corners of the patch shall be rounded.

3. Geomembrane caps shall be used to repair failed seams that are left in-
place. Seams that fail destructive or non-destructive testing may also be
removed and replaced if determined necessary by the ENGINEER.

FIELD QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

4.1 GENERAL
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4.2

A.

Before installation begins, and weekly thereafter (more often if determined
necessary by the ENGINEER) project coordination meetings shall be held with the
designated representative of the EARTHWORKS CONTRACTOR, GEQOSYNTHETICS
CONTRACTOR, ENGINEER and OWNER in attendance to review the following

information:

1. Progress of the work.
2. Adherence to the Specifications.
3. Adherence to the Construction Quality Assurance Program described in

this Section, including the timely submission of the pertinent forms.
4, Planned work and methods for the ensuing week, including estimate of
time remaining to completion of the work.
5. Problem resolutions to be implemented during the upcoming week.
All of the Forms specified and required must be submitted to the ENGINEER in a
timely fashion.
The OWNER and ENGINEER must approve any changes in the proposed method
of work, subcontractors to be utilized, geomembrane resin, or manufacturing in
advance.
The GEOSYNTHETICS CONTRACTOR assumes all responsibility relevant to
providing an acceptable product.

INSTALLATION QA/QC

The ENGINEER and GEOSYNTHETICS CONTRACTOR shall visually inspect all
material to be included in the work, and compare panel identification numbers
with those on the certifications provided by the manufacturer to assure delivery
of the appropriate material.

Damage to geomembrane during installation shall be repaired according to Article
3.4, If the ENGINEER determines that any damage cannot adequately be
repaired, the damaged material will be replaced.

The GEOSYNTHETICS CONTRACTOR will be required to conduct both destructive
and non-destructive testing on seams during the geomembrane installation, as
part of the Construction Quality Control program. All trial and installed seam
samples shall be tested.

Thermal Weld Trial Seams -

1. Trial seams shall be produced each day, at the start of each workday,

after every four hours of continuous operation, after each break in
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seaming of 1 hour or more, after a break that results in equipment
replacement or shutdown, and if the geomembrane temperature changes
by more than 45°F. Trial seams shall be required each day for each piece
of seaming equipment and each welding crew combination (including
welding technician, seam cleaners and/or helpers). The trial seams will be
performed on strips of geomembrane from approved rolls, and shall be
produced at the work location such that the conditions mimic those under

which production seams will be made.

2. A trial seam shall be a minimum of 5 feet in length for self-propelled
seaming devices, and a minimum of 3 feet for hand-held seaming devices.
The material for the trial seam and the test fixture for making the field
tests shall be provided by the GEOSYNTHETICS CONTRACTOR at no
additional cost. One-inch wide cutouts of the trial seams will be subject to
shear and peel testing at the site. A minimum of 3 cutouts will be tested
for shear, and a minimum of 3 cutouts will be tested for peel. The
ENGINEER shall document the locus of break code for each specimen as
shown in Figure 3 and Figure 4 of ASTM D6392-99, included at the end of

this Section.

3. All trial seam specimens must be acceptable or the trial seam will be
repeated until all results from a given trial seam are found acceptable. If
any trial seam fails at any time during the workday, the reason for the
failure shall be resolved before any production seaming of the
geomembrane by the subject equipment and crew. All trial seam welding
and testing must be observed by the ENGINEER.

4, A trial seam specimen will be considered a failure if:
i, In the shear test, the bonded thickness of the seam fails or the
material breaks at a stress lower than specified.
ii. In the peel test, the two sheets comprising the seam separate at a

peak stress lower than specified.

Should the ENGINEER, at any time during the installation, believe the production seaming

process may not be performing adequately, he may, to avoid destructive sampling of the
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installed geomembrane, request additional trial seams. The GEOSYNTHETICS CONTRACTOR
at no additional cost shall do this.

E. The GEOSYNTHETICS CONTRACTOR shall complete non-destructive testing of all

seams along their entire length, in the manner approved prior to installation, in

the presence of the ENGINEER. The recommended test methods are as follows:

1. Pressurized Air Channel

a.

All field seams made by a dual-track fusion welding device will be
tested by applying air pressure within the air channel to a sealed
length of seam, and monitoring the pressure over time. The
testing shall be conducted in accordance with ASTM D 7177,

For the geomembrane, the initial inflation pressure shall be equal
to or greater than the minimum according to ASTM D 7177. The
minimum allowable pressure drop over a 30 second period shall
be 5.0 psi.

A pressure gauge shall be inserted into the end of the air channel
to check for continuity in the air channel. Alternately, the far end
of the seam may be cut to relieve the air pressure. An audible
rush of air shall serve as an indicator that the test represents the
entire length of seam.

Air channels that do not hold the minimum specified air pressure
shall be further inspected to identify the location and nature of
any defects or unbonded sections of seam. The seam will then
be repaired and retested. The ENGINEER may, at his discretion,
require the entire questionable seam area to be capped or

replaced.

2. Air Lance Testing

d.

The ENGINEER shall witness the testing, and the seam shall be
clearly visible to the ENGINEER and GEOSYNTHETICS
CONTRACTOR during the test. Unbonded areas or defects shall
be marked by the ENGINEER for repair by the GEOSYNTHETICS
CONTRACTOR.

The air lance will be capable of supplying 50 PSI through a 3/16
inch diameter nozzle. The air stream is directed at the upper

edge of the seam no more that 2 inches from the seam edge.
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Any voids in the seam will be marked, repaired, and re-tested
with the air lance. The testing technician and the nhspector will
mark each seam or repair with an indelible marker as accepted
immediately after completion of final air lance testing.
All inadequate seams or portions thereof that fail the non-destructive testing shall
be repaired in accordance with this Specification and the method approved by the
ENGINEER. Should differences of opinion between the GEOSYNTHETICS
CONTRACTOR and the ENGINEER develop during the installation relevant to seam
integrity, the ENGINEER may, at his discretion, obtain samples of the seams in
dispute for field and/or laboratory testing. The GEOSYNTHETICS CONTRACTOR
will be responsible for patching the resulting void in accordance with the
previously approved procedures at no additional cost to the OWNER.
Destructive Sample Collection - Samples of the in-place seams shall be cut from
the installed geomembrane at a minimum frequency of one sample per 500 linear
feet of seam, excluding repair seam length. A minimum of one seam sample
shall be obtained for each seaming machine/operator combination for each day,
or as directed by the ENGINEER. The cutout sections shall be 12 inches wide by
40 inches long with the seam centered lengthwise. The sample size can be
reduced to 30” if the CONTRACTOR does not elect to have a cutout section for
their use. A 1-inch wide specimen shall be cut from each end of the sample, and
these two specimens shall be peel tested in the field in accordance with 4.2 G.
The remaining sample shall be cut into 2 parts and distributed as follows:
1. One 12-inch by 18-inch sample to the ENGINEER for independent
laboratory testing; and,
2. One 12-inch by 18-inch sample to the OWNER for archive storage.
3: The remainder of the sample shall be available for the CONTRACTOR if
requested at the time of sample collection.
The 12-inch by 18-inch laboratory sample will provide 5 specimens for shear
testing and 5 specimens for peel testing. Specimens that will be subject to peel
and shear testing shall be selected alternately from the sample. All peel tests
shall be performed on the outer track of dual track fusion welds. The laboratory
shall report the locus of break code for each specimen according to the definitions
included in Figure 3 and Figure 4 of ASTM D 6392, included at the end of this
Section. The laboratory sample will be considered acceptable only if all 10
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specimens meet the minimum requirements. The specimen will be considered a

failure if:

1. In the shear test, the bond of the seam fails or the material breaks at a
stress lower than specified.

2. In the peel test, the two sheets comprising the seam separate at a peak
stress lower than specified. Complete peel separation of the seam is
allowable.

3. In the shear or peel test, locus of break codes AD, AD-BRK, BRK, and SE
are reported by the ENGINEER.

If a sample fails destructive testing, the welding path must be retraced to
intermediate locations at least 10 feet in each direction from the location of the
sample that failed the test, and a second sample shall be taken for an additional
field test. If the tracking samples pass, the seam must be reconstructed between
the location of the two tracking samples and the original sampled location. If the
tracking sample fails, this process must be repeated. The seam between 2
passing test locations shall be capped, the cap seams shall be nondestructively
tested, and shall include one field peel and shear test location along the
reconstructed seam.

The ENGINEER and GEOSYNTHETICS CONTRACTOR shall visually inspect all
geomembrane seams.

All welds shall be observed for traces of deformation to the geomembrane panels.
Any seams, which in the opinion of the ENGINEER, have caused excessive
deformation of the sheet, show signs of discoloration, exhibit thinning or stepping
of the sheet, or show visual signs of overheating of the geomembrane mnels,
shall be repaired at no additional cost to the OWNER regardless of the result of
any destructive testing on the seam. The deficient seam or portion thereof shall
be cut out, the geomembrane panels again overlapped and seamed, or the
questionable seam length shall be capped, as approved by the ENGINEER.

The GEOSYNTHETICS CONTRACTOR shall not place overlying materials on the
installed geomembrane until the ENGINEER has reviewed and accepted the
written test results for the geomembrane to be covered. At a minimum, the pre-
delivery testing, the daily log of trial seam results, laboratory destructive sample
results, non-destructive test results, record drawings of the completed area, and

approval of the seams in place will be reviewed.
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M. The GEOSYNTHETICS CONTRACTOR shall provide a report to the OWNER and the
ENGINEER at the conclusion of the work which shall include the following:

1 The quality control tests used as specified and/or directed, including all
requirements of the Report section of the specified test method.

2. Complete description of field sampling procedure, number of test
specimens, size of test specimens.

3. Log of all Construction Quality Control work.

N. The GEOSYNTHETICS CONTRACTOR shall be responsible for all costs incurred by
the OWNER including, but not limited to, additional field and laboratory CQA
testing resulting from greater than 5 percent of the CQA testing not meeting or
exceeding the Specifications.

0. All seams that cannot be subjected to the required Construction Quality Control
or Construction Quality Assurance (CQA/CQC) testing shall be overcapped.

4.3 WARRANTY

A. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the installation of
geomembrane for a minimum period of 1 year.
B. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the geomembrane

material for @ minimum period of 20 years.

END OF SECTION 02770
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25 year old PVC geomembrane case history

Environmental Protection, Inc. | 800-OK-LINER | Conitact Us

{

HOME | Products : Services Technical Info The Liner Latter | Case Studies Saarch Site Map FAQ's
25 Year Old PVC Geomembrane
- Installation In the Spring of 1993 EPI provided a PVC liner for the enlargement of an irrigation pond
ot e at the Lakes of the North Golf Course in Northern Lower Michigan. During the

Thermal Welding excavation of the pond it was discovered that the original pond was lined with 10 Mil
S PVC Geomembrane.

Durability

——eeeee———_In the process of excavating the pond the PVC Geomembrane was removed and a large

Case Studies number of material samples were recovered. These samples included both factory and
o . field seams which were produced using a chemical fusion weld.

EPI contacted the office of Mr. Jerry Matthews,
the golf course architect who originally
designed the project, and learned that the
original 10 Mil PVC liner was installed in the
Summer of 1968. The liner was originally
covered with twelve inches of sand, and
approximately six to eight inches of silt had
accumulated over the years on top of the sand
cover.

. Published Papers

EPI conducted physical property testing on the
material and on the field and factory seams.
Material samples were also forwarded to
Occidental Chemical Corporation's Lab for
analytical testing of the material. The PVC was
still extremely flexible and extraction tests
confirmed that placticizer still comprised 27%

GAUGE R |
PEEL
SHEAR[E

# MODULUS
TENSILE

HMNSF-54 B25Years
of the 25 year old PVC liner.

Elongation at break of the material was 267% which exceeds the original specifications
of 250%. Peel testing of both factory and field seams resulted in a film tearing bond and
all peel results were above the minimum requirement of 10 Ibs. per inch width.

A comparison of other test results with today’s NSF 54 minimum requirements for 10 Mil
PVC is shown on the graph. 25 years of leak free, trouble free, maintenance free service,
through freezing winters and scorching summers. Durable PVC liners provide decades
of security for your containment needs.

(k)
Tl
o
)
T

minec oy Daniet S.

Copyright € 2008 Environmental Protection. Inc | il Rights Resen
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30 year old PVC geomembrane liners

MSU Kellogg Biological Research Station

Instaliation

Thermal Welding

Durability

Case Studias

Solutions

Q-Contrct Manual

Published Papers

Environmental Protection, Inc. | 800-OK-LINER | Contact Us

| Technical Info | The Liner Letter = Case Studies | Search | Site Map

30 Year Old PVC Geomembrane

By: Mark A. C. Wolschon & Fred P. Rohe

Michigan State University

W.K. Kellogg Biological Station
3700 East Gull Lake Drive
Hickory Corners, Michigan 49060

Click Here for research paper 30 yr Durability of 20 mil PVC Geomembrane

KBS Experimental Pond Facility

Eighteen 100 foot diameter research ponds were constructed in 1971 using 20 mil fish
grade PVC geomembrane liner. The ponds are eight feet deep with slopes of three
horizontal to one vertical. The PVC geomembrane was covered with one foot of sandy
soil cover.

In order to start new experiments, nine ponds were cleared and rebuilt in 1987. In
September 2000, the remaining nine ponds were cleared and re-lined with 20 mil fish
grade PVC geomembrane liner. It is important to note that NONE of the ponds were
leaking nor had any problems been observed with the PVC geomembrane liners. EPI
fabricated 9 circular panels of 11,060 square feet each using Geon material from lot
number 43464. The one piece liners were installed in ponds 4-8, 10, and 16-18, by Woolf
Excavating of Kalamazoo, MI. who were contracted to clean and reline the ponds. On
September 13, 2000 representatives from EPI removed samples of 30 year old 20 mil
PVC geomembrane from the ponds.

Samples were removed from three main locations
2 From side slopes above water line

o From side slopes below water line under the
cattails

® From the bottom of the ponds

Two samples were tested from each of these locations
on 09/14/2000.

All samples removed from the pond felt very soft and flexible during the removal
process. Material removed from the bottom of the pond was softer to the hand than the
material from above the water line. Once samples were dried off, the samples felt

hitp://geomembrane.com/case_studies/MSUKellogg/MSU%20Ponds.htm 4/22/2013



30 year old PVC geomembrane liners MSU Kellogg Biological Research Station

somewhat less flexible.

All samples were tested at the EPI Quality
Control lab in the days following removal

¢ from the ponds. Materials were transported
® in large plastic bags, sealed to minimize

¢ moisture loss prior to testing.

& Two samples were tested from each location

. without any preparation, other than removal
¢ of any sand or dirt from the material. Two
' additional samples from each location were
- cleaned and allowed to acclimate in the lab
for 40 hours according to standard ASTM
test methods. These samples are noted as
desiccated and are the right most samples
on the following graphs.

# Click for Slideshow One

Tensile Strength

lbsin - bin Spec 48 hin

Side slope above the  Side slope below Bottom of pond
weater line water line under water

Sample Location

FMD =70 OMD OTD EDesicated MD ODesicated TD ]

Samples from each location were tested in both the Machine (MD) and Transverse (TD)
direction. The tensile strength for the 30 year old 20 mil PVC liner exceeded today’s
minimum specification for all of the samples tested.

» Click for Slideshow Two

It was noted during sample removal that the newly exposed material felt like new liner
that would be installed in today’s projects. It was also noted, that in a very short time
the material began to loose a little of its flexibility as the material dried out. This is
evidenced in the results of ultimate elongation tests run on the 18 different samples.
The material that was acclimated in the lab and allowed to dry out, exhibited lower
ultimate elongation in two cases, than those samples that were tested without
acclimation.

http://geomembrane.com/case_studies/MSU Kellogg/MSU%20Ponds.htm 4/22/2013
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% Elongation

- Min Spec 350%

%

Side slope above  Side slops below Bottom of Pond
the water line water line under wistsr

Sample Location

mo @10 OMD OTD @ Desicated MD o Desicated TD

Samples were also tested for modulus of elasticity, which is a measure of tensile
strength at 100% elongation. This test will indicate how strong the material is when it is
under stress. A low modulus indicates a softer, more elastic material, while a high
modulus number indicates a stronger, stiffer material. PVC must exceed a minimum
number, which will indicate use of proper plasticizer and other ingredients to make the
product flexible, but tear resistant.

Modulus at 100% Elongation

BD — Y o Ao A D st

hin - Min Spec 23 Iin

Sidle slope above the Side slope belowe  Bottom of Pond under
water ing wester ine water

Sample Location

| EMD BTD OMD OTD ®Desicated MD E Desicated TD |

After 30 years of service, this 20 mil PVC geomembrane has retained ifs plasticizer and

its flexibility, enabling it to perform its function without fail. it has also retained its

strength and has not deteriorated, enduring thirty years in a buried environment. It has
also resisted puncture by roots, biological

. attack from microorganisms, and has had no

detrimental effect on the environment that it

has protected since 1971.

The potential for root penetration was a big
guestion in the forensic study of these
ponds. Each of the ponds had a large
amount of cattails around the perimeter of
the pond.

As the bulldozer removed the dirt from the

top of the liner under the cattail area, careful
: W observation was made of the root zone of

the cattails. These cattails prnduced one root stalk about 3/4” to 1-1/4” in diameter, with

http://geomembrane.com/case_studies/MSUKellogg/MSU%20Ponds.htm 4/22/2013
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30 year old PVC geomembrane liners MSU Kellogg Biological Research Station

a mass of smaller roots around the main root. The root length was approximately 1 to 3
feet. All roots of the cattails grew down to the liner, then grew horizontally along the top
surface of the liner. No evidence of liner intrusion was found.

" .. One of the ponds that samples were

¢3 . removed from had a smali willow tree (12 -
g 15 feet tall) growing below the anchor trench
¢ but above the water level. The willow tree
. was located approximately 5 feet down the
slope from the anchor trench and had a
trunk of 6-8 inches diameter.

As the bulldozer operator cleared the dirt
¢ from the sides of the tree, it was observed
that the tree roots grew similarly to the

- cattail roots. They grew down to the liner,

e & - | then turned and traveled along the surface
T ’ * of the liner. Main roots were 3-5 feet long,
with some smaller roots up to 7 feet from : o :

*{__1

the trunk. When the dozer pushed the tree,
it slid down the liner to the bottom of the
pond, leaving the liner intact. No damage
was found from roots penetrating the liner.

In the center of each pond was an
inlet/outlet structure. This concrete slab
was approximately 2.5 x 2.5 feet, with the
top level with the liner sub grade. The liner
was placed over the concrete, sealed with
mastic, and fastened to the concrete using
2"x4” redwood batten strips and concrete
nails. This structure and the batten : :

: : R appeared to perform well over the thirty
¢ years as indicated by no discoloration of the
soil color under the liner and around the
structure.

For more information on this project, visit

the Michigan State University web site for

the W.K. Kellogg Biological Station at

hitp:/lwww.kbs.msu.edu/ . You can find

additional information on the research

% ponds at PONDS and additional information
and KBS News .

Copyright © 2008 Environmental Protection Inc | All Rights Reserved | Maintained by Daniel 8.

Rohe
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Thirty-Year Durability of a 20-Mil PVC Geomembrane

E. J. NEWMAN and T. D. STARK*
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In 1971, twenty circular aquaculture ponds were constructed for the W. K. Kellogg
Biological Research Station in Hickory Corners, Michigan. The 30.5-m-diameter re-
search ponds were lined using a 0.51-mm-thick fish-grade PVC geomembrane. Over
the years the ponds became congested with dense, persistent stands of cattails, trees,
and other vegetation, which required the ponds to be cleared and relined in Septem-
ber 2000 in order to allow the initiation of new experiments. The lack of holes in the
exhumed geomembrane suggests that it resisted biclogical attack [rom microorgan-
isms and also root penetration. Laboratory testing shows that the tensile behavior of
the nearly 30-year-old PVC geomembrane is within current specifications for new
0.51-mm-thick PVC geomembranes. Test results also indicate that performing labo-
ratory tests at in-sit moisture conditions provides a better estimate of the field prop-
erties of PVC geomembranes than desiccating the material prior to testing, as is re-
quired by ASTM Standard Test Methods. J. Vinyl Addit. Technol. 10:168-173, 2004.

© 2004 Society of Plastics Engineers.

INTRODUCTION

In 1971, twenty circular aquaculture ponds were con-
structed for the W. K. Kellogg Biological Research
Station at the Michigan State University Facilily in
Hickory Corners, Michigan, under a grant from the Na-
tional Science Foundation. Eighteen of the ponds were
for experimental purposes and two were for waler-stor-
age purposes. The ponds were allowed to colonize nat-
urally with flora and fauna from surrounding lakes.
and within a few years the experimental ponds closely
resembled natural systems. These conditions provided
the opportunity to conduct a number of significant ex-
perimentls on species interaction and habitat selection
in fishes.

The 30.5-m-diameter research ponds were lined
using a 0.51-mm-thick fish-grade PVC geomembrane.

*To whom correspondence should be addressed. E-mail: (stark@uiuc.edu
© 2004 Society of Plaslics Engineers

Published online in Wiley InterScience (www.interscience. wiley.com).
DOI: 10.1002 /vnl.20025

A fish-grade PVC geomembrane is specially formulated
to promote aquatic life by not including biocides used
in typical PVC geomembrane [ormulations. The bio-
cides are excluded because they may leach out over
time and injure the fish. The basic formulation of a PVC
geomembrane corresponds to 60%—65% PVC resin;
32%—38% plasticizer; 5%—8% stabilizers, additives,
and biocides; and 0.5%— 1% pigment (1). The ponds are
8 feet deep with side slopes of three horizontal to one
vertical, After installation, each PVC geomembrane was
covered with 1 foot (0.30 m) of sandy soil cover.

Over time the ponds became congested with dense,
persistent stands of cattails, trees, and other vegeta-
tion. These conditions mace many types of experiments
impossible, and thus, to start new aquaculture experi-
ments, nine of the ponds were cleared and relined in
September 2000. It is important to note that none of
the ponds was leaking or exhibiting any problems dur-
ing the nearly 30 years of service. However, the initia-
tion of new experiments provided a unicque opportunity
to exhume approximately 30-year-old (29 years and 8
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Thirty-Year Durabilify of a 20-Mil PVC Geomembrane

months) PVC geomembranes and evaluale their engi-
neering properties. Previous researchers have exam-
ined PVC geomembranes ranging in age from 2 to 30
years used both as canal liners in the western U. S. (2,
3) and as part of land[ill cover systems in Florida (4, 5)
and discovered that the geomembranes performed well.
This case history is unique because it involves a 0.51-
mm-thick PVC geomembrane in an aquaculture envi-
ronment after nearly 30 years.

On September 13, 2000, Erik Newman of the Univer-
sity of Tllinois at Urbana-Champaign (UIUC) removed
samples of the geomembrane from the ponds. The sam-
ples were exhumed from three locations: 1) the side
slopes above the waterline, 2) the side slopes below the
waterline and under the cattails, and 3) the bottom of
the ponds. The samples were sealed in large plastic
bags to minimize moisture loss prior to testing at the
UIUC. Some of the samples were shipped to TRI/Envi-
ronmental in Austin, Texas, for comparison testing.

OBSERVATIONS OF GEOMEMBRANE
DURING EXCAVATION

All the samples removed from the pond were soft and
flexible, which is evident from their elongation-at-break
values, presented subsequently, which still satisfy cur-
rent specification values. The flexibility of the nearly
30-year-old material also is illustrated in Fig. 1 by pho-
tographs of a tensile specimen from the side-slope ma-
terial from below the walerline before and during ten-
sile tesling. It can be seen that the specimen is
undergoing substantial elongation during testing with-
out rupture. Material removed from the bottom of the
pond was even softer and more {lexible than the mate-
rial from above the waterline, probably because of less
desiccation occurring below the waterline. Once the

Fig. 1. Exhumed PVC geomembrane before and during tensile
testing.

samples were desiccated in accordance with ASTM test
procedures, the samples were somewhat less flexible,
which strongly suggests that exhumed material should
be tested using in-situ conditions, i.e., without desicea-
tion as required by ASTM Standard Test Methods. to
properly assess the in-situ engineering properties. Des-
iccated specimens can be used for new material. but it
is not recommended for exhumed material because the
geomembrane has already become acclimated to field
conditions.

At the center of each pond an inlet/outlet structure
was constructed. This structure consisted of a concrete
slab. approximately 0.75 m X 0.75 m, with the lop level
with the liner subgrade. The liner was placed over the
concrete, sealed with butyl mastic, and fastened to the
concrete using 38 mm X 95 mm redwood batten sirips
and concrete nails. This structure and the batten per-
tformed well over the nearly 30 years, as indicated by no
discoloration of the soil under the PVC geomembrane
around the structure. These observations also indicate
that there was little, if any, leakage through the liner in
the vicinity of the inlet/outlet structure. The mastic
was soft and flexible after nearly 30 years, which re-
sulted in an effective seal around the nails used to fas-
ten down the strips.

One of the main objectives of this study was to deter-
mine the effect, if any, of root penetration and microor-
ganisms on 0.51-mm PVC geomembranes. The ponds
were overgrown with vegetation and had a large num-
ber of cattails growing around the perimeter and in the
middle of the ponds. As the bulldozer removed soil from
the top of the geomembrane under the cattail area, ob-
servations were made of the rool zone of the cattails.
These cattails produced one rool stalk about 20 to 30
mm in diameter. with a mass of smaller roots around
the main root. The root length was approximately 0.3 m
to 1 m. All roots of the catlails grew down to the
geomembrane and then grew horizonlally along the top
surface of the geomembrane. No evidence of roots pen-
etrating the 0.51-mm-thick geomembranes was found
during field inspection or after